The Galactic Center He I Stars: Remains of a Dissolved Young Cluster? by Gerhard, O E
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































from the massive cluster stars is comparable to the life-
times of these stars, so will be a substantial fraction of the
time to spiral into the GC. Because the part of the molec-
ular cloud not converted into cluster stars is conceivably
the major part of the total initial mass, we need to take
into account the dynamical friction on the molecular cloud
(Stark et al. 1991) when considering the orbital evolution
of the cluster.
As it spirals to the Galactic center, the parent cloud and
embedded cluster will constantly lose mass because of the
strong tidal eld. We can estimate the eect of this mass
loss on the friction time with a simple model in which the
initial mass m
ci
of the combined cloud and cluster is dis-
tributed according to an isothermal prole, tidally limited








































) is approximately 0:2 pc (Figer et al.
1999a). As the cluster spirals in, successive outer shells of
the mass distribution are peeled o by the tidal eld. The
division between cluster and cloud need not be specied
now, but it is clear that at some stage the cloud envelope
will have been removed and the cluster proper will begin












is the current galactocentric radius, and if in-













When the entire cluster is nally disrupted at radius R
dis
,









. Note that assuming an isothermal prole
for the cluster will lead us to overestimate its mass loss
because real clusters have less extended envelopes than
/ r
 2
, while neglecting internal evolution will lead us to
underestimate the mass loss because the cluster will be-
come less dense and more vulnerable to tidal disruption
during the evolution.
We can now write a modied dynamical friction equa-
tion using the same arguments as in Binney & Tremaine
(1987), and assuming that the instantaneous specic
angular momentum loss due to the frictional force is
the same for stripped material and material that re-


















































Thus in this simple model the total time to spiral in from
radius R
i
is just twice that when the mass m
ci
remains









. Eq. (7) predicts that to reach the cen-




' 30 pc, a mass-losing cloud-











' 10 pc. These are actually over-
estimates because we have neglected the frictional force
from the previously stripped material and its polarization
cloud that both lag behind the remaining bound cluster,
as well as any additional drag from the nuclear gas disk.
3. FINAL TIDAL DISRUPTION AND THE HEI STAR
CLUSTER
The preceding discussion shows that only the inner parts
of the young star cluster will spiral into the Galactic center
proper, while its outer parts and the cloud envelope will
be left behind and distributed further out. There are good
reasons to believe that the massive stars will be concen-
trated towards the cluster core. There is some evidence
that high-mass stars form predominantly in or near the
cores of young clusters (Fischer et al. 1998, Bonnell &
Davies 1998). After star formation is complete, dynam-
ical mass segregation will further accentuate the central
concentration of massive stars, acting on their two-body
relaxation time-scale. Thus the most massive cluster stars
will almost all end up in the GC, as is required by the
observed distribution of HeI stars.
Next we must ask whether the density of the cluster core
is high enough to reach the central parsec. The GC HeI





0:04 0:4 pc and their proper motions and radial velocities
show a coherent rotation pattern (Genzel et al. 2000). In
the present scenario this would be interpreted as tracing
the last orbit of the cluster core before nal disruption,




0:4 pc. In this radial
range the gravitational force of the central black hole dom-
inates that of the nuclear bulge. We can thus estimate the










































(Genzel et al. 2000). Notice the sensitivity
to the disruption radius.
The observed average stellar density in the Arches









(Figer et al. 1999a). Evolutionary calcu-
lations by Kim et al. (1999) show that dynamical evolution
and rapid mass segregation lead to the formation of a core








in the mild core collapse stage, after  1Myr evolution











in the core of the disrupting cluster thus
appears reasonable, but signicantly larger densities (re-
quired for smaller R
dis
) would seem problematic.
The required high cluster core density is most easily
maintained in a phase after core collapse when the energy
loss of the core from evaporation is compensated by the
energy gain from three-body binaries. This requires the
core to be dominated by the 100 most massive stars (Bin-
ney & Tremaine 1987), previously concentrated into this
volume by mass segregation. The high-density phase will
last longer for more massive clusters, arguing for larger ini-
tial masses for the disrupting cluster than for the Arches
cluster.
After the cluster core begins to disintegrate, it contin-
ues to spiral inwards until torques from the polarization
cloud and the material lost previously become ineective,
that is, until the debris has spread in angle by   .
Origin of Galactic Center HeI Star Cluster 3
The time for the debris within r
t
of the cluster center to


































which gives of order t
rot
= according to eqs. (4), (5).










yr, so for the cluster center
t
rot
= can be several 10
4
yr. For comparison, the dynami-







into the center completely is only 50000 yr. This suggests
that the debris of the cluster core will spiral inwards signif-
icantly even after the nal disruption, and that therefore
the rotation pattern observed down to R
G
' 0:15 pc is
consistent with disruption at radii  0:4 pc. It will be
interesting to simulate this disruption event in the black
hole's tidal eld with N-body models.
4. DISCUSSION
In summary, the previous sections have shown that un-
der plausible conditions a young star cluster formed in the
Galactic nuclear disk may spiral into the GC within the
life-time of its most massive stars, and that the density
in its core of high-mass stars can be such that it would
actually reach and dissolve in the region where the GC
HeI stars are observed. This requires either that the clus-
ter itself is substantially more massive than the Arches
and Quintuplet clusters, or that it forms within a massive
molecular cloud (such as the present Sgr clouds) whose
large mass dominates the frictional force initially (see also
Stark et al. 1991), or a combination of both.
A further condition is that the cluster must not evapo-
rate in the strong tidal eld of the nuclear bulge before it







) by Kim et al. (1999)
the evaporation time is found to be several Myr. Evapo-
ration occurs on a time-scale proportional to the half-mass





























the average stellar mass, but depends
also strongly on the strength of the tidal eld. t
rh
is
rather sensitive to the uncertain half-mass radius. For
the Arches cluster Figer et al. (1999a) found r
h
= 0:2 pc
from the observed high-mass stars, i.e., without correction













and consider the mean density
to be xed by the external tidal eld. This suggests that
the most massive clusters will have the longest evaporation
times, and therefore again that they are the most likely to
reach the central parsec within 3Myr, even though evap-
oration depends on several other parameters.
A prediction of the present model for the origin of the
GC HeI stars is that the massive stars in the core of the
disrupting young cluster should end up at smaller galacto-
centric radii than lower mass stars in the cluster envelope.
Krabbe et al. (1995) estimate the total stellar mass corre-
sponding to the nuclear HeI star cluster from various ob-











. The number of low-mass
stars associated with the cluster is unknown, but a stan-
dard Salpeter IMF with the same number of the highest









Most of these stars should now be found at galactocentric
radii of a few parsec (some tens of arcsec) or further out
if the cluster was even more massive. Could these stars
be related to the young population seen by Philipp et al.
(1999), or was the formation of the cluster just part of a
larger-scale starburst?
Another issue to be addressed is the observed counter-
rotation of the HeI stars with respect to Galactic rotation
(Genzel et al. 2000). As in alternative models, counterro-
tation is not inherent in the present scenario. However, a
large molecular cloud entering the nuclear disk with orbital
angular momentum roughly antialigned with Galactic ro-
tation would sooner or later suer a strong collision, and
this in fact might be the event triggering the formation
of the cluster. The subsequent dynamical friction on the
cluster and its surrounding cloud envelope would then act
to circularize the counterrotating orbit while the cluster
spirals in, explaining the rotating torus structure of the
HeI stars observed now. This observation would be much
more dicult to explain in models where the GC young
stars form in a cloud collision near their present location,
because these stars should then still reect some of the
cloud's initial orbital motion.
How common could cluster accretion events be in the
GC? Observationally, the presence of  10
8
yr old AGB
stars in the central parsec (Krabbe et al. 1995) suggest
that it has happened before at least once, and perhaps
one of the massive molecular clouds in the vicinity is





per 3  10
6
yr if the present congura-
tion were typical, would build up substantial mass in the
nuclear bulge over time. The total mass inow rate of
 0:1M

= yr inferred from dynamical friction on the GC
giant molecular clouds on x
2
-orbits at  100 pc (Stark et
al. 1991), and somewhat more from gas ow through the
ILR at  200 pc (Gerhard 1992, Serabyn & Morris 1996)
would supply sucient gaseous material to maintain this
rate of cluster formation in addition to other distributed
star formation. Detailed observations of the young stel-
lar population in the GC are needed to see whether the
process actually happens recurrently and whether it is a
substantial factor in building up the nuclear bulge. Early-
on, clusters would spiral in as far as there are eld stars
to provide the background for dynamical friction. Later
clusters would come in further and build up a density gra-
dient (assuming the angular momentum can be further
transported outwards). In the simple model described in
Section 2, where both the nuclear bulge and cluster density
proles are / r
 2
, the ingoing cluster's tidally stripped
material would also be distributed / r
 2
.
Independent of the rate of cluster accretion, the recent
arrival in the GC of a cluster with a large number of mas-
sive stars would have profoundly changed the physical con-
ditions in the central parsec and may in fact be responsible
for the present lack of activity of Sgr A

. If so, stellar pop-
ulation studies of the frequency of cluster accretion in the
GC will have some general impact on understanding the
nuclear activity cycles in spiral galaxies.
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